One of the advantages of Multiple-Input Multiple-Output (MIMO) techniques is that they can provide link throughput, but the reliability of them remains to be improved. In order to improve the performance of bit error, based on the decomposed model of continuous phase modulation (CPM), combined with LDPC code and random interweaver, a scheme of joint coded modulation is introduced. In this paper, the model of LDPC-CPM iterative MIMO system is established firstly, then scheme of receiver by iterative detection realized and the decoding is proposed, finally the effect of main parameters on the performance of the system is studied, which can provide the reference basis for practical application. The research results show that the proposed scheme can improve channel capacity and BER performance in the background of extremely low SNR effectively, and give attention to both high-speed transmission and reliable transmission.
Introduction
MIMO technology has been attractive in wireless communications [1] [2], compared with conventional communication systems, which are called Single-Input
Single-Output (SISO) systems, the use of multiple antennas provides means for simultaneous transmissions and spatial redundancy to the transmitted signals that helps to improve the throughput performance of MIMO over SISO [3] .
It becomes particularly appealing when the MIMO scheme is concatenated with LDPC code. In the MIMO-LDPC system, based on the iterative detection decoding algorithm of Turbo code can be soft information exchange to further improve the receiver performance. There are many researches such as [4] - [6] detecting based on iterative decoding algorithm of LDPC coded MIMO system performance theory and simulation analysis, and verifying the excellent performance of the system. So far, the linear modulation schemes have been investigated in many MIMO architectures; however, the constant envelope modulation formats such as CPM [7] are more suitable for implementation in wireless system due to their high power amplifiers. Indeed, it has been focused especially on that extend the advantage of CPM signals to MIMO system and show high data rates performance [8] . In the corresponding references have studied CPM signal processing based on MLSD joint symbol sequence detection and the Laurent decomposition in MIMO system [9] , and others introduced the blind signal separation at the frontend of a frequency discriminator based CPM demodulator [10] . However, the use of advanced channel coding joint efficient modulation system is poorly studied. In this work, consider memory and recursive nature of highly efficient CPM technique, combined with external LDPC codes and random interweaver to build a new MIMO system based on a joint coded modulation scheme, moreover an iterative detection and decoding receiver is proposed.
Finally, simulation experiments verify the performance of the designed system.
Decomposition of CPM
The transmitted baseband CPM signal is expressed as 
where we assumed ( ) 0 
The CPM modulation is said to be full-response if 
It can be seen that CPM signals can be determined by the current input n U and previous
completely, so any CPM scheme can be divided into a continuous phase encoder (CPE) and a memoryless modulator (MM) [11] .
System Model
We consider a generic transmitter block diagram of MIMO system is shown in Figure 1 with two transmitting antennas. The space-time coding process multiplexes the coded data stream into two parallel sub-streams. And then each stream coded using LDPC code, the interleaving is next step. Finally, the space-time bits are mapped into CPM symbols. It should be note that the modulated signal cannot be interleaved because interleaving destroys the continuous phase property of the modulated signal. The symbols transmitted per frame can be represented by a matrix S and the element ( )
 is the transmitting symbol on the antenna i during the symbol period j .
The channel is assumed to be invariant within a frame and change independently from frame to frame, and ideal power control is considered here result in the received signal power is equal for all antennas. Thus the received symbols during a frame can be written as
where channel matrix H is composed by independent and identically distributed Rayleigh fading coefficients, its elements ij h denote the fading factors of the sub-channels, n is the zero-mean complex Gaussian noise.
Iterative Detection and Decoding
The joint iterative CPM decoding and LDPC decoding algorithm can improve the BER performance through exchange the soft information. We apply this algorithm to the MIMO system and get a scheme which is shown in Figure 2 . It can be seen that the receiver includes two iterative processes: the inner loop is responsible for the demodulation and decoding, outer loop provides a better estimation of transmitted signal for the interference canceller in each a iteration.
MIMO detector uses a Minimum Mean Square Error (MMSE) detection technique, so the problem is to determine weighting matrix G in order to minimize
In other words, the function of the G is to reverse channel, assume that X is the estimation of S and write ( )
where  ( )
Based on singular value decomposition (SVD) of the type, the noise power through detector written as
According to the
and times a unitary matrix will not change vector norm 2 2 Vx x = , after a series of transformation, the expectations of Equation (10) 
At this point, the output of MMSE detector can be equivalent to each CPM signals from transmitting antennas through the white Gaussian noise channel C from sub-system LDPC-SISO after de-interweaving, obtain information probability to input CPM-SISO. After some iteration of inner make loop hard decision according to the last iteration of ( )
For the last iteration ( )
P C O of CPM-SISO, make a hard decision and no de-interweaving to secondary modulation, feedback secondary modulation signal to the interference canceller. In the next iteration of the outer loop, interference canceller provides the better input for inner loop.
Simulation Results
According to the previous sections, we have established a MMO system model at Rayleigh flat fading channel and assumed that perfectly known at the receiver. The length of each unencoded substream is equal to LDPC information bits, interweavers are chosen randomly. The other parameters are illustrated in figures below. Figure 4 show that the system channel capacity increase with the number of antenna linearly, this paper takes the scenario which sending antenna is equal to receiving. In Figure 5 we compare the performance of the system for different numbers of receiving and transmitting antennas number. Where LDPC code length is 1536 bits, rate 1/2, CPM Signal form is OM2RC. We see that the performance of the system improved by increasing the number of transmitting and receiving antennas in the background of low SNR. From the two figures, we can give attention to both high-speed transmission and reliable transmission. Figure 6 shows the BER trend along with the change of LDPC length when 2 * 2 MIMO system easy to extend to more antennas. LDPC rate are employed 1/2. Modulation method is same as above OM2RC. As it may be seen, with the increase of code length, BER performance of the system is gradually improved. Therefore, the longer the LDPC code length, the better the performance of the system. With the method of iterative decoding to optimize system performance, the performance impact of iteration times and must be considered. Figure 7 for the number of iteration affect the performance of the system. In simulation, 2*2 MIMO system with LDPC information bits is 512 bits, rate 1/2, the interior of the LDPC code iteration for 5 times. The same goes for CPM. It can be seen that with the increase of the number of iterations, and decrease of the system BER curve tends to convergence, and with the increase of signal-to-noise ratio, number of iterations the impact on the BER is more and more obvious.
Conclusion
In this paper, we analyze and derive the decomposition of CPM modulation signal, and applied a joint coded modulation with LDPC to MIMO architecture. Through simple MMSE-based detection and low-complexity iterative decoding with cancellation, both BER and channel capacity of improvements are achieved. We compared the effect of the number of antenna, code length and iteration times on the combined code modulation in the 2 * 2 MIMO system emphatically. The result shows that: The system has better performance for different code length and iteration times than SISO, which meets the requirements for realtime communication channel. At last, this algorithm is complete by software, so it costs lower equipment, and can be simple and practical.
